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(57) Abstract: The present invention 
relates to an ultra high speed modulator 
using a coupler of an NRD guide. 
According to the first preferred 
embodiment of the present invention, the 
modulation is conducted by making a 
binding block at the binding portion of 
the 90 degree bend and installing a diode 
mount equipped with a Schottky diode at 
the end of the binding block. According 
to the second preferred embodiment of 
the present invention, the modulation is 
conducted by making a 3 dB coupler using 
a 180 degree bend and installing a diode 
mount equipped with two Schottky diodes 
at the end of the ISO degree bend. 
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NRD GUIDE ULTRA-HIGH SPEED MODULATOR USING 

COUPLER 



TECHNICAL FIELD 

The present invention relates to an ultra-high speed modulator using a 

coupler. 



BACKGROUND ART 

The NRD Guide (Non-Radiative Dielectric waveGuide), which is a 
10 millimeter wave integrated circuit, has the low-loss and no radiation feature. 

An NRD Guide is composed by maintaining a gap between the upper 
conducting plate and the lower conducting plate to be shorter than a half wavelength 
of the usable frequency and by inserting a dielectric transmission line, which has a 
certain constant width and whose height is the same as the height of the gap between 
15 the upper conducting plate and the lower conducting plate, into the space between the 
upper conducting plate and the lower conducting plate. 

The modulation method in the related art modulates signals while RF signal 
enters a modulator through a circulator and the absorption or reflection is conducted 
repeatedly. In this method of the related art, the RF signal modulated by a circulator is 
20 prevented from entering the RF signal generator. However, it is difficult to process a 
Ferrite in a circulator in the related art. Further, because three terminals of a circulator 
should maintain 120 degrees from one another, there is a concern that the productivity 
might be worsened. 
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DISCLOSURE OF THE INVENTION 

The present invention relates to an ultra-high speed modulator using a 
coupler, disclosed through two preferred embodiments illustrated in the following. 

The first preferred embodiment of the present invention is built by making a 
5 3dB coupler using 180 degree bends (5, 6) and aligning the front Teflons (13, 14), 
high permittivity sheets (11, 12), diode mounts (9, 10) and the rear Teflons (7, 8) 
sequentially in that order, after having air gaps at the ends of the coupler. 

The second preferred embodiment is made by connecting the combined ends 
of 90 degree bends (17, 18) with a joint block (22) and aligning a high permittivity 
10 sheet (21), a diode mount (20) and the rear Teflon (19) sequentially in that order. 

Through the present invention, a circulator ordinarily used to cut off input 
signal's reflection and its return to the NRD Guide may be substituted. The difficulty 
of using materials that are difficult to process, such as Ferrites, may be resolved by 
using a coupler. Furthermore, it is possible to reduce the number of components 
15 because a mode suppressor used for a circulator is not necessary in the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a top view of an ultra-high speed modulator equipped 
20 with diode mounts, on which Schottky diodes are mounted, at the ends of two 180 
degree bends according to the first preferred embodiment of the present invention. 

Figure 2 illustrates a cross sectional view of the structure according to the 
first preferred embodiment of the present invention wherein the upper conducting 
plate is assembled to the ultra-high speed modulator mounted on the lower 

2 



WO 02/067368 



PCT/KR02/00154 



conducting plate shown in Figure 1. 

Figure 3 illustrates a top view of the 3dB coupler made of 180 degree bends 
used in the first preferred embodiment of the present invention. 

Figure 4 illustrates a top view of an ultra-high speed modulator equipped 
5 with a diode mount, on which a Schottky diode is mounted, at the end of the joint 
block connected to the part combining the ends of the two 90 degree bends according 
to the second embodiment of the present invention. 

Figure 5 illustrates a top view of the structure according to the second 
preferred embodiment of the present invention wherein the upper conducting plate is 
10 assembled to the ultra-high speed modulator mounted on the lower conducting plate 
shown in Figure 4. 

Figure 6 illustrates a perspective view of a diode mount, on which a Schottky 
diode is mounted. 

Figure 7 illustrates a top view of the coupler for the experiment of 
15 transmission loss at the joint block located at the part combining the ends of the two 
90 degree bends, used in the second preferred embodiment of the present invention. 

Figure 8 is a graph that illustrates the transmission loss measured at the 
structure of Figure 7 corresponding to the length (L) of metal and non-metal joint 
blocks. 

20 Figure 9 is a graph that illustrates the change of the center frequency of the 

usable frequency corresponding to the gap between the 180 degree bends (5, 6). 

Figure 10 is a graph that illustrates the transmission characteristic, measured 
by a network analyzer, corresponding to the On/ OfF status of bias applied to the 
diode mounts (9, 10), which are placed at the ends of the 180 degree bends (5, 6). 
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** Description of the codes for important parts of diagrams ** 

1 : Upper Conducting Plate 

2 : Lower Conducting Plate 

3, 4, 15, 16 : Dielectric Transmission Line 
5 5, 6, 23, 24 : 180 Degree Bend 

7, 8, 19: the Rear Teflon 

9, 10, 20 : Diode Mount (on which a Schottky barrier diode is mounted) 
11, 12, 21 : High Permittivity Sheet 
13, 14: the Front Teflon 
10 17, 18 : 90 Degree Bend 

22: Joint Block 
25 : Dielectric Substrate 
26: Metal Thin Film 

27 : Schottky Diode (Schottky barrier diode) 
15 Dl, D2 : Gap between two 180 Degree Bends 

L : Length of Joint Block 



BEST MODES FOR CARRYING OUT THE INVENTION 

(First preferred embodiment) 
20 Before the first preferred embodiment is explained, a 3 dB coupler using two 

180 degree bends (23, 24) will be explained as illustrated in Figure 3. 

The 3 dB coupler is a coupler that distributes input power equally. The phase 
is shifted by 90 degree when the coupling is performed. 

If a wave that has the amplitude of a is inputted into port © of Figure 3, the 
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amplitude of the wave at port @ is a/V2 and the amplitude of the wave at port © is j 
(aA/2). 

On the other hand, if the wave inputted into port ® and port ® is reflected 
again, by making port ® and port ® reflect the wave completely, the coupler may be 
5 considered to be one wherein waves having the amplitude of a/^2 and j (aA/2) are 
inputted into port @ and port ® respectively. 

Accordingly, the amplitude at port ® becomes (a/2-a/2), which is c 0.' The 
amplitude at port ® becomes j(a/2+a/2), which is 'ja.' In other words, the wave 
inputted into port © is transferred completely to port ® with the phase shift of 90 
10 degree. Furthermore, it is found that there is no reflected wave coming out of port ®. 
This illustrates that the coupler performs the function of a circulator. 

Figure 1 illustrates an ultra-high speed modulator using 180 degree bends (5, 
6). The two sub-parts which comprise the front Teflons (13, 14) mounted on the 
ends of the 180 bends with the pre-determined air gap, high permittivity sheets (11, 
15 12), diode mounts (9, 10) and the rear Teflons (7, 8) constitute the modulation units in 
the present invention. 

The two 180 degree bends (5, 6) are arranged with the pre-determined gap 
(Dl) and the carrier wave, which is RF signal, enters the dielectric transmission line 
(3). The carrier wave flows through the 1 80 degree bend (5). In this process, a half 
20 of the carrier wave flows to the end of the 1 80 degree bend (5) but the rest half of the 
carrier wave is transferred through the 3 dB coupler to the other 180 degree bend (6) 
in the opposite side. This is called the first coupling. 

At this time, the modulation unit absorbs the incident wave when the diode 
mounts (9, 10) are forward biased and reflects the incident wave when the diode 
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mounts (9, 10) are reverse biased. By using this operation, the second coupling is 
performed. 

Therefore, when the diode mounts (9, 10) are forward biased and thus the 
incident wave is absorbed, there is no modulated wave that flows to the output port of 
5 the other 180 degree bend (6) in the opposite side. On the contrary, when the diode 
mount (9, 10) are reverse biased and thus the incident wave is reflected, the wave that 
has gone through the first coupling and the wave that has gone through the second 
coupling are combined and, resultantly, the modulated wave maintaining the power of 
the waves inputted into the first 180 degree bend (5) and having the 90 degree phase 
10 difference may be obtained at the output port of the other 180 degree bend (6) in the 
opposite side. 

Figure 9 illustrates the frequency change corresponding to the gap (Dl) 
between the two 180 degree bends. According to the graph shown in Figure 9, the 
broader the gap between 180 degree bends, the lower the usable frequency. Thus, a 
15 usable frequency range may be adjusted by controlling the air gap between the brads. 

Figure 10 illustrates transmission characteristics corresponding to On/Off of 
the bias applied to the diode mounts (9, 10) located at the ends of the 180 degree 
bends (5, 6). The transmission loss is approximately 3 dB when the bias is Off and the 
transmission loss is approximately 35dB when the bias is On. Thus, it is found that 
20 the absorption and the reflection are clearly conducted. 

(Second preferred embodiment) 

Before the second preferred embodiment is explained, a coupler using two 
90 degree bends (17, 18) will be described in the following as illustrated in Figure 7. 

Figure 8 illustrates the transmission loss according to the length of the joint 
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block (22) in two cases where the joint block (22) is metal and where the joint block 
(22) is Teflon. The transmission loss is the biggest when the length of the joint block 
(22) is 1.5mm and the transmission loss is the smallest when the length of the joint 
block (22) is 5mm. In the preferred embodiment of the present invention, the length 
5 of the joint block (22) is determined to be 5mm. As shown above, the joint block (22) 
has an effect on the coupling. 

Figure 4 illustrates an ultra-high speed modulator using 90 degree bends (17, 
1 8). The carrier wave, which is RF signal inputted into a dielectric transmission line 
(15), reaches the end of the 90 degree bend (17). In order to enable the carrier wave 

10 that reached the end of the 90 degree bend (17) to conduct impedance matching 
between the joint block (22) and the diode mount (20), a high permittivity sheet (21) 
is inserted in between the joint block (22) and the diode mount (20). On the other side 
of the diode mount (20), the rear Teflon (19) is arranged so that the absorption or 
reflection of wave may be repeated corresponding to forward bias or reverse bias 

15 applied to the diode mount (20) on which the Schottky diode (27) is mounted. 
Preferably, as illustrated in Figure 6, the diode mount (20) used for the second 
preferred embodiment comprises a dielectric substrate (25) which has the permittivity 
of 2.56 and the thickness of 0.3mm and a metal thin film (26) which applies bias 
inserted in the form of a A/4 choke type filter. 

20 By applying forward bias to the Schottky diode (27) in order to absorb the 

carrier wave that entered the 90 degree bend (17) and reverse bias in order to reflect 
the incident carrier wave, the modulation may be accomplished according to the 
present invention. 
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INDUSTRIAL APPLICABILITY 

According to the present invention, a circulator ordinarily used to cut off 
input signaTs reflection and returning to the NRD Guide may be substituted. 

In the related art, the carrier wave is separated from the modulation unit and 
5 thus the carrier wave of the modulated signal is cut off by using a circulator. 
However, there is difficulty of having to use parts such as Ferrites, which are hard to 
process. Such difficulty may be resolved by using a coupler. 

Further, according to the present invention, it is possible to reduce the 
number of components because the mode suppressor required for a circulator is not 
10 used in the present invention. 

By providing an ultra-high speed modulator using a coupler, that has the 
above-described advantages, the present invention may make it easier to implement 
ultra-high speed communication wireless facilities such as radar, picture transfer 
equipment, wireless LAN and etc. 

15 



20 
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WHAT IS CLAIMED IS: 

1. An NRD Guide ultra-high speed modulator using a coupler, for the 
modulation of frequency by using an NRD guide, comprising: 

assembling an NRD Guide that carrier wave, RF signal, enters; 180 degree 
5 bends for forming a coupler, the front Teflons for modulation, high permittivity 
sheets, diode mounts on which Schottky diodes are mounted; and the rear Teflons 
sequentially in that order; and 

arranging them symmetrically so that there may be the first and the second 
modulation units. 

10 

2. The NRD Guide ultra-high speed modulator using a coupler of claim 1, 
wherein it is possible to regulate the usable frequency by controlling the air gap 
between the 1 80 degree bends of the modulation units. 

15 3. An NRD Guide ultra-high speed modulator using a coupler, for the 

modulation of frequency by using an NRD guide, comprising: 

connecting an NRD Guide that carrier wave, RF signal, enters; and 90 
degree bends for forming a coupler; 

arranging them symmetrically; and 
20 assembling a joint block for modulation, a high permittivity sheet, a diode 

mount on which a Schottky diode is mounted and the rear Teflon sequentially to form 
a modulation unit. 
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1/7 

Fig. 1 
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Fig. 3 
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Fig. 4 
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Fig. 7 
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6/7 

Fig. 8 
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Fig. 9 



65.000 
64.000 
63.000 
5 62.000 
~ 61.000 
§ 60.000 
<j> 59.000 
58.000 
57.000 
56.000 




Coupling Frequency corresponding to the Distance 




















































S 












































































































































































































































































































































































1.0 


1 


.1 


1.2 


1 


.3 


1.4 


1.5 


1.6 


1.7 


1.8 


1.9 


2.0 






Distance [mm] 



INTERNATIONAL SEARCH REPORT 



international application No. 
PCT/KR02/00154 



A. CLASSIFICATION OF SUBJECT MATTER 
1PC7 H01PS/18 

According to International Patent Classification (IPC) or to both national classification and IPC 
~R FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) ~~ 
IPC7 H01P5/18 H01P3/I6 HOIPI/06 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Korean patents supplications for invenstions since 1975 



Electronic data base consulted during the intertnatkmal search (name of data base and, where practicable, search terms used) 
WPI, PAJ " COUPLER" "MODULATOR" "NRD" "GUIDE* 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP 2000-0591 14A (SHARP CORP) 25 FEB 2000, 
see the abstract and figure 3 

JP 08-008621A (NISSAN MOTOR CO LTD) 12 JUN 1996, 
see the bastract and figure 1 1 

JP 0816281 3A (YAGI ANTENNA CO LTD) 21 JUN 1996, 
see the abstract and figure 19 



1-2 



1-2 



1-2 



j [ Further documents are listed in the continuation of Box C 
^ S p ec j a j catC g Qriesof Qfcd documents: 

•A" document defining the general state of the art which b not considered 

to be of particular relcvcnce 
"E" earlkr application or patent but published on or alter the international 



j [ See patent family annex. 



"L" document which may throw doubts on priority ctahn(s) or which is 
cited to establish the publication date of citation or other 



"O* document referring to an oral disclosure, use, exhibition or other 

"p- document published prior to the international filing date but later 
. than the priority date claimed 



T later document published after the mternational filing date or 
date and not in conflict with the application but cited to 
the principle or theory underlying the invention 

"X" document of particular relcvcnce; the claimed invention 
considered novel or cannot be considered to involve an 
step when the docu me nt is taken alone 

"Y" document of particular rdevence; the claimed invention 
considered to involve an inventive step when the 
combined with one or more other such docu roc nts > such 
being obvious to a person skilled in the art 

m & m document member of the same patent family 



priority 



cannot be 



be 

is 



Date of the actual completion of the mternational search 
27 MAY 2002 (27.05J2002) 


Date of mailing of the international search report 
27 MAY 2002 (27.05.2002) 


Name and mailing address of the ISA/ICR 

^fl^^ Korean Intellectual Property Office 
W^Mji 920 Dunsan-dong, Seo-gu, Daejeon 302-701, 
«, Rc P ub,ic of Korea 
FacsirmleNo. 82-42-472-7140 


Authorized otticer 

JEON, Ki Eock uillfP* 
Telephone No. 82-42-481-5700 \J« W 





Form PCT/1SA/210 (second sheet) (Jury 1998) 



